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accurately by using dyadic Wavelet conversion, speech 
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Description 

The present invention relates to speech synthesis techniques and, more particularly, to a speech synthesis method 
and system using a pitch -synchronous waveform overlap method. 

5 The so-called pitch-synchronous waveform overlap method is known in the field of speech synthesis (e.g., F. Char- 

pentier, M. Stella, "Diphone synthesis using an overlapped technique for speech waveform concatenation," Proc. Int. 
Conf. ASSP, 2015-2018. Tokyo, 1986). This is a method which pitch-marks waveforms at the local peaks thereof, sep- 
arates the waveforms at the pitch-marked positions by using a window function, and overlaps the separated waveforms 
along a synthesis pitch by shifting them when speech is synthesized. 

10 it is necessary in speech synthesis by a pitch- synchronous waveform overlap method to obtain a pitch mark for 
each pitch. Thus, the following have been proposed so far as a pitch mark position: 

1 . Point in time immediately before the short time power of speech synthesis changes drastically 

is 2. Peak of the short time power in speech synthesis 

3. Peak of the speech waveform 

The method using these pitch-marked positions is subject to the influence of a change in the vicinity of peak of 
20 speech synthesis, and the pitch mark shakes for each pitch. This causes the shaking of the pitch when speech is syn- 
thesized, and therefore the synthesized speech produces a rumbling sound. Therefore, a more stable reference point 
has been desired for overlapping. 

Since the above-described conventional pitch-marked position is unstable and unsuitable as a reference point for 
overlapping, but the pitch mark serves both as the reference point for overlapping and the centre of a waveform separation 
25 window, such a pitch-marked position has been considered unavoidable in view of spectral distortion by waveform sep- 
aration. 

Incidentally, in "S. Mallat, S. Zhong, "Characterization of Signals from Multiscale Edges," IEEE Trans. Pattern Anal- 
ysis and Machine Intelligence. Vol. 14, No. 7, pp. 710-732, July 1992," it is shown that, if a Wavelet function is selected 
as a first-order differential of a smoothing function, the local peak of dyadic Wavelet conversion by the Wavelet function 

30 will be consistent with that point in time where the signal changes abruptly. 

Also, in "S. Kadambe, G.R Boudreaux-Bartels, "Application of the Wavelet Transform for Pitch Detection of Speech 
Signals," IEEE Trans. Information Theory, Vol. 38, No. 2, pp. 917-924, 1992," there has been proposed a method which 
makes use of the fact that a speech waveform changes at its glottal closure instant abruptly, detects the glottal closure 
instant by searching for a local peak in the speech waveform of the Wavelet conversion of the speech waveform, and 

35 estimates the pitch period. 

It is to be noted that, in methods such as Kadambe's method, frame processing has been performed and a threshold 
value for searching for a local peak is held constant within the frame. Therefore, when the speech waveform of, for 
example, a power dip within the frame changes abruptly, drawbacks occur in that, when the falling and insertion of the 
glottal closure instant take place, the shift width of the frame is limited to half of the wavelet length because of the end 

40 effect of convolution, and there is therefore a need to calculate convolution repeatedly, so a processing'delay of about 
one frame length (about 30 ms) occurs. If the method remains unchanged, it will be inconvenient from the stand-point 
of extraction accuracy and the amount of calculation involved to use it as a pitch-marking method. Because of the 
processing delay, it is also unsuitable to speech quality conversion being done in real time. 

Further, Japanese PUPA 5-265479 discloses that, in a speech signal processing apparatus having a detection 

45 means for selectively determining the continuous time instants of a glottal closure by determining the specific peak of 
an intensity depending upon the time of a speech signal, the apparatus comprises a filtering means for forming a filter 
signal from a speech signal through the de-emphasis of a spectral portion less than the predetermined frequency, and 
an averaging means for generating the flow of time of an averaged value representing an intensity dependent on the 
time of the speech signal, and the filtered signal is supplied to the averaging means by the filtering means. 

so Viewed from one aspect the present invention provides a speech synthesis method comprising the steps of: (a) 
detecting the glottal closure instants in digitized speech signals; (b) pitch-marking said speech signal at said glottal 
closure instants; (c) separating speech synthesis waveform units from said speech signals at the points different from 
said pitch-marked points; (d) storing the separated speech synthesis waveform units; and (e) obtaining synthesized 
speech signals by shifting the stored speech synthesis waveform units along a synthesis pitch and overlapping them at 

ss the pitch-marked glottal closure instants as reference points. 

The present invention realizes, in a speech synthesis method making use of a pitch-synchronous waveform overlap 
method, stable speech synthesis processing in which the pitch shaking is negligible. It provides a pitch-synchronous 
waveform overlap method in which glottal closure instants are used as pitch marks (reference points). Since the glottal 
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closure instants can be extracted stably and accurately by using a dyadic Wavelet conversion, speech in which pitch 
shaking is negligible and rumbling sounds are minimized can be synthesized with stability. 

In addition, a more flexible waveform separation becomes possible compared to the conventional technique by 
setting, in accordance with an embodiment of the present invention, the reference point for overlapping and the waveform 
5 separation centre at the time of synthesis to different positions. 

The extraction of glottal closure instants is performed by searching for the local peaks of the dyadic Wavelet con- 
version, but, preferably, a threshold value for searching for the local peaks of dyadic Wavelet conversion is adaptively 
controlled each time dyadic Wavelet conversion is obtained. The following advantages are therefore obtained: 

10 1 . The glottal closure instants can be extracted stably and accurately. 

2. There is no necessity to repeat convolution calculation as must be done in the case of frame processing. 

3. Processing delays can be prevented, although if some processing delay is allowed, accuracy will be further 
15 improved. 

Because of these advantages, this method can also be used in the automatic generation of a waveform element 
dictionary and to a real-time automatic pitch marking method for input speech waveforms for speech quality conversion 
by pitch-synchronous waveform overlap and speech signal compression. 
20 In order that the invention may be fully understood preferred embodiments thereof will now be described, by way of 

example only, with reference to the accompanying drawings in which:- 

Figure 1 is a block diagram showing the configuration of hardware through which the present invention is realized; 

25 Figure 2 is a block diagram showing processing modules for Wavelet conversion and pitch mark application; 

Figure 3 is a block diagram showing processing modules for performing speech synthesis processing; 

Figure 4 is a detailed flowchart showing Wavelet conversion processing; 

30 

Figure 5 is a diagram showing examples of a Wavelet-converted waveform; and 

Figure 6 is a diagram showing the process of pitch-marking glottal closure instants and waveforms which are over- 
lapped at the pitch-marked glottal closure instants to synthesize speech. 

35 

A. Hardware Constitution 

Reference is made to Figure 1 , which shows the hardware configuration in which the present invention is carried 
out. This configuration includes a CPU 1 004 for performing calculation and input-output control, a RAM 1 006 for providing 

40 buffer regions for program loading and calculation, a CRT unit 1008 for displaying characters and image information on 
the screen thereof, a video card 1010 for controlling the CRT unit 1008, a keyboard 1012 through which commands or 
characters are input by an operator, a mouse 1014 by which an arbitrary point on the screen is pointed to and information 
on the position is sent to the system, a magnetic disk unit 1016 for recording programs and data permanently so that 
they can be read and written, a microphone 1 020 for recording speech, a speaker 1 022 for outputting synthesized speech 

45 as a sound, and a common bus 1002. 

Specifically, the operating system to be loaded when the system is started, a processing program according to the 
present invention to be described later, speech files taken in from the microphone 1020 and A/D-converted, a dictionary 
of synthesis units of sound elements obtained from the result of analysis of the speech files, and a word dictionary for 
text analysis are stored on the magnetic disk unit 1016. 

so Although an operating system suitable for the processing of the present invention is OS/2 (IBM trademark), an 
arbitrary operating system providing an interface with respect to an audio card, such as MS-DOS (Microsoft trademark), 
PC-DOS (IBM trademark), Windows (Microsoft trademark), and AIX (IBM trademark) can also be used. 

The audio card 1018 may be such that a signal input as speech through the microphone 1020 can be converted to 
a digital form such as PCM and also data in such a digital form can be output as speech from the speaker 1022. An 

55 audio card provided with a digital signal processor (DSP) is highly effective and suitable as the audio card 1018. However, 
since a quantity of data processing is relatively small according to the present invention, a sufficiently high processing 
speed is obtained even if the DPS is not used and the A/D-converted signal is processed by software. 
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B. Logical Constitution 

The logical constitution of the present invention will next be described with reference to Figures 2 and 3. 
B1. Speech Input Section 

Referring to Figure 2, the speech input section typically comprises a dyadic Wavelet conversion section 2002 and 
a pitch extraction section 2004. These modules are normally stored in the disk unit 1016 and loaded into RAM 10006, 
which is where processing is performed, in response to an operation of the operator. 

The speech input from the microphone 1020 is first converted in the dyadic Wavelet conversion section 2002 by 
dyadic Wavelet conversion. A general description of dyadic Wavelet conversion is shown, for example, in above- 
described Kadambe's thesis. However, what should be understood is that a preferred embodiment of the present inven- 
tion uses a techniques for changing a threshold value adaptively, unlike Kadambe's method. This processing will here- 
inafter be described in detail. 

Next, the dyadic- Wavelet-converted signal is pitch-marked in the pitch extraction section 2004 to make use of a 
pitch-synchronous overlap method later. In pitch- marking, the present invention is characterized in that glottal closure 
instants obtained as the above-described dyadic Wavelet conversion are selected as the reference points of pitch marks. 
This processing will also be described in detail later. 

The data 2006 of the pitch-marked waveform obtained in this way is separated as a synthesis unit by a predetermined 
window function and then stored in a synthesis unit dictionary 2010, which is actually a file stored in the magnetic disk 
unit 1016, in order to use it in subsequent speech synthesis. 

B2. Speech Synthesis Section 

Referring to Figure 3, the speech synthesis section comprises a text analysis section 3002 for inputting a text file 
including both kana (Japanese alphabet) and kanji (Japanese alphabet) by making reference to a text analysis word 
dictionary 3004, a rhyme control section 3006 for controlling a rhyme based on the context of the analysis result of the 
text analysis section 3002, a synthesis unit selection section 3008 for retrieving the synthesis unit dictionary generated 
in advance by the above-described speech input section and selecting speech synthesis units, and a speech synthesis 
section 3010 for outputting a row of speech synthesis units selected by the synthesis unit selection section 3008 in the 
rhyme controlled by the rhyme control section 3006 from the speaker 1022 as synthesized speech. 

Particularly, in the present invention, the speech synthesis section 3010 performs speech synthesis according to 
the speech synthesis units pitch-marked by the pitch extraction section 2004 in Figure 2 by making use of the pitch- 
synchronous waveform overlap method. 

It is to be noted that, in one embodiment of the present invention, the processing modules such as the text analysis 
section 3002, the rhyme control section 3006, and the synthesis unit selection section 3008 shown in Figure 3 are files 
stored in the disk unit 1016 and therefore processes are all carried out by software, but an audio card may also be 
provided with a DSP by which these processes are carried out. 

C. Dyadic Wavelet Conversion Processing 

The process of dyadic- Wavelet-converting the PCM waveform of the speech signal input from the microphone 
according to the present invention and further estimating the glottal closure instants based on conversion will next be 
described in reference to the flowchart in Figure 4. This process is mainly performed in the dyadic Wavelet conversion 
section 2002 in Figure 2. 

First, in the first step, 4002, a new PCM sample is input. It is to be noted that, at this time, the speech input from 
the microphone has been converted to a series of PCM data and stored in the disk unit 1016. Therefore, in the processing 
in step 4002, the files of the PCM data stored in the disk unit 1 01 6 are read in sequence. 

In step 4002 value i representing a scale is also initialized to 3. This i is for providing a discrete dyadic sequence 2' 
(i = 3, 4, ... ). While in this embodiment the dyadic sequence 2' is started from i = 3, there are some cases where starting 
from i = 1 is suitable, depending upon the sampling frequency. To make a long story short, whether the dyadic Wavelet 
conversion is started from which scale depends upon the sampling frequency. 

Further, in step 4002, n is initialized to 0 and represents the number of times estimated as a glottal closure instant 
on an individual scale. 

In step 4004, dyadic Wavelet conversion DyWT(b, 2 j ) of the PCM speech signal x(t) is calculated based on the 
following equation, in which b represents a time index: 
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DyWT(b. 2 ») = J= J' x(t)M>(^)dt [Equation 1] 

Particularly, the following is suitable as a function of M 'f 
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[Equation 2] 



In one embodiment of the present invention, m = 2 was adopted, but m may be selected to be more than 2. In 
addition, the concrete function form of ip ( M ) is not limited to the form shown in Equation 2 but it has been found that, for 
°\ the equation may be a first-order or second- or higher order derivative of a function constituting a low-pass filter. 

is Next, in step 4006, the value of DyWT(b, 2*) calculated in this way is stored in a circular buffer CBi. This is for 
calculating the local threshold value according to the present invention. In this embodiment, one circular buffer Cbi 
comprises 315 buffer elements so as to cover 15ms. Note that circular buffer Cbi is provided individually for each different 
scale i. The process of obtaining threshold value THRi (which is also provided individually for each different i) based on 
the values of Dy WT(b, 2') stored in sequence in circular buffers Cbi in connection with the value of b is as follows- For 

20 example, a logarithm of OyWT output at each scale is taken and the outputs for 15 to 20 ms are held in the circular 
buffers. An output histogram is then made at a unit of 1 Db from the outputs within the circular buffers, and a class value 
of high-order 80% of the accumulative frequency is obtained. This is returned from the logarithmic value to the linear 
value to obtain threshold value THRi. 

Note that it is preferable that, for small scales, a percentage for obtaining a threshold value is made larger since 

25 Dy WT contains a large number of unnecessary local peaks, and, for large scales, the percentage for obtaining a threshold 
value is made small to prevent a drop in the candidates of the glottal closure instants. 
In step 4008. the local threshold value calculated in this way is set as THRi. 

In step 4010. it is determined if DyWT(b. 2 j ) is greater than THRi. Such a determination is based on Kadambe's 
statement that a local peak position represents a glottal closure instant. A difference between the processing shown in 
so this flowchart and Kadambe's technique is that, in Kadambe' technique, a local peak value within a frame is used as a 
large regional threshold value in the frame, but. in the processing shown in this flowchart, a statistical threshold value 
is used based on the accumulated value of the waveform of DyWT(b. 2 l ) in a certain range. Such a statistical threshold 
value is advantageous in that it can detect such glottal closure instants as would be missed in Kadambe's technique as 
well. 

35 If the determination in step 4010 is affirmative, a value of n will be incremented by one in step 4012. This means 
that there has been discovered the possibility that, at a certain scale i. b at a current point of time is a glottal closure 
instant. However, since there is also a possibility that a local peak other than a glottal closure instant is detected by 
mistake, it will not be determined at once according to the preferred embodiment of the present that a glottal closure 
instant was found, even if the determination in step 4010 were affirmative only at one scale i, and in step 4014 it is 

40 determined that n is greater than 1 . * 

If it is determined in step 401 4 that n is greater than 1 , then b at the current point in time will be considered to be a 
glottal closure instant, since it has been determined that b is a local point in at least two scales i. In step 4016 local 
peak value DyWT(b, 2 1 ) is output as glottal closure instant GCI. 

It is to be noted that if, on the one hand, in the determination of step 4014. n is greater (e.g., n > 2) so that processing 

45 will not advance to YES, the probability of a detected point being a glottal closure point becomes higher, but. on the 
other hand, there becomes higher a possibility that actual glottal closure instants will be missed. A threshold value for 
a suitable n is therefore selected in accordance with circumstances. 

Next, in step 4018. i is incremented by one. This is for repeating the processing of steps 4004 to 4016 at one scale 
up i. It is to be noted that, if the processing in step 4010 or 4014 is negative, it will advance immediately to step 4018 

so in step 4020. it is determined that i has exceeded predetermined threshold value iu. The value of iu is the maximum 
value of the scale of dyadic Wavelet conversion. If the value of iu becomes greater, the detection accuracy of glottal 
closure instant will be increased, but it will take correspondingly additional processing time. It is suitable as a rough 
criterion that the value of iu is about 5 when the value of i at the starting point is 3. 

When a value of i does not exceed predetermined threshold value iu. step 4020 processing returns to step 4004 

55 When i exceeds the predetermined threshold value iu, b is incremented in step 4022 by one and it is determined in 
step 4024 whether the end of PCM data has been reached. If it is determined that PCM data has reached its end 
processing will terminate. If not. step 4024 processing will return to step 4002. After the next PCM sample has been 
taken and n = 0 and i = 3 have been set, step 4002 processing advances to step 4004. 
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Figure 5 shows a PCM waveform (a) of a pronunciation such as "byu," a Wavelet-converted waveform (b) in the 
case of i = 3, a Wavelet-converted waveform (c) in the case of i = 4, and a Wavelet -converted waveform (d) in the case 
of i - 5. In Figures 5(b), (c), and (d), the axis of abscissas represents a value of b. It follows from these figures that the 
Wavelet-converted waveforms are smoothed as the value of i is increased. Also, the axes of ordinates passing through 
5 the Wavelet-converted local peaks correspond to glottal closure instants. 

D. Pitch Marking and Separation Processing 

As a result of the above-described Wavelet conversion processing, one or more GCIs are obtained when GCI = 
w DyWT(b, 2'). However, according to the above-described Wavelet conversion equation, the value of b obtained in this 
way is a value representing time, and it is therefore possible to determine a position to be pitch-marked at x(t), from the 
value of b obtained when GCI = Oy WT(b, 2'). Thus, the PCM waveform x(t) is pitch-marked at the glottal closure instants, 
as shown in Figure 5. At this time, the centre of the waveform separation window is, for example, the local peak of 
waveform x(t) from the viewpoint of spectral distortion. In one embodiment, a Hamming window is used as a window 
is function, and the window length is set to two times the synthesis pitch. Each of the units separated is stored in the 
synthesis unit dictionary 201 0 shown in Figure 2. Of course, the window function to be used in the waveform separation 
of the present invention is not limited to the Hamming window, and any arbitrary window function such as a rectangular 
or asymmetrical window function can be used. 

20 E. Speech Synthesis Processing 

Speech synthesis processing is performed by the speech synthesis section 3010 in Figure 3. More particularly, 
according to the present invention, the speech synthesis section 3010 obtains the necessary speech synthesis unit 
waveforms from the synthesis unit dictionary 2010, and the desired synthesized speech is obtained as shown in Figure 
25 5 by shifting the unit waveforms along a synthesis pitch and overlapping them at the glottal closure instants as reference 
points. 

That is, since the glottal closure instants can be extracted stably and accurately by making use of dyadic Wavelet 
conversion, speech in which pitch shaking is negligible and rumbling sounds are minimized can be synthesized stably. 

Furthermore, flexible waveform separation becomes possible, compared to the conventional technique, by setting 
30 according to a modification of the present invention the reference point for overlapping and the waveform separation 
centre at the time of synthesis to different positions. 

As has been described above, according to the present invention, there is provided a pitch-synchronous waveform 
overlap method using glottal closure instants as reference points (pitch marks) for overlapping, and the advantage that 
speech in which pitch shaking is negligible and rumbling sounds are minimized can be synthesized is realized. 

35 

Claims 

1. A speech synthesis method comprising the steps of: 

40 (a) detecting the glottal closure instants in digitized speech signals; 

(b) pitch-marking said speech signal at said glottal closure instants; 

(c) separating speech synthesis waveform units from said speech signals at the points different from said pitch- 
es marked points; 

(d) storing the separated speech synthesis waveform units; and 

(e) obtaining synthesized speech signals by shifting the stored speech synthesis waveform units along a syn- 
50 thesis pitch and overlapping them at the pitch-marked glottal closure instants as reference points. 

2. A speech synthesis method as claimed in Claim 1 . wherein said points different from said pitch-marked points are 
the centre of pitch waves. 

55 3. A speech synthesis method as claimed in Claim 1 or claim 2. wherein said step of detecting glottal closure instants 
includes the step of Wavelet-converting said digitized speech signals and detecting local peaks in the Wavelet- 
converted waveform. 



NSOOCID: <EP 0703S65A2J_> 



6 



10 



25 



EP 0 703 565 A2 

4/ A speech synthesis method as claimed in Claim 3. wherein said step'of detecting glottal closure instants includes 
the step of performing Wavelet conversion at a plurality of different scales and, in response to the determination 
that 'the same position of the local peak is detected in at least two scales, determining that the lock peak position is 
the glottal closure instant. 

5. The speech synthesis method as claimed in Claim 3 or claim 4, wherein the determination of the local peak position 
is performed by comparison with a statistical threshold value. 

6. A speech synthesis method as claimed in Claim 5, wherein said statistical threshold value is determined by a class 
value of a higher rank predetermined percent of the accumulated frequency of an output histogram obtained from 
the Wavelet-converted values. 



7. A speech synthesis system comprising: 

15 (a) means for detecting the glottal closure instants in digitized speech signals; 

(b) means for pitch-marking said speech signal at said glottal closure instants; 

(c) means for separating speech synthesis waveform units from said speech signals at the points different from 
20 said pitch-marked points; 

(d) means for storing the separated speech synthesis waveform units; and 

(e) means for obtaining synthesized speech signals by shifting the stored speech synthesis waveform units 
along a synthesis pitch and overlapping them at the pitch-marked glottal closure instants as reference points. 

8, A speech synthesis system as claimed in Claim 7, wherein said points different from said pitch-marked points are 
the centre of pitch waves. 



30 9. 



A speech synthesis system as claimed in Claim 7 or claim 8, wherein said means for detecting glottal closure instants 
includes means for Wavelet-converting said digitized speech signals and detecting local peaks of the Wavelet- 
converted waveform. 



35 



40 



1 0. A speech synthesis system as claimed in Claim 9, wherein said means for detecting said local peaks includes means 
for performing the Wavelet conversion at a plurality of different scales and, in response to the same position of the 
local peak detected at least two scales, determining that the lock peak positions is glottal closure instants. 

11. A speech synthesis system as claimed in Claim 9 or 10, wherein the determination of the local peak position is 
performed by comparison with a statistical threshold value. 

12. A speech synthesis system as claimed in Claim 11, comprising means for determining said statistical threshold 
value, by determining a class value of a higher rank predetermined percent of the accumulated frequency of an 
output histogram obtained from the Wavelet-converted values. 
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